IS986 of Mycobacterium tuberculosis belongs to the IS3-like family of insertion sequences, and it has previously been shown to be present in multiple copies in the chromosome of M. tuberculosis. In this study we investigated the value of a IS986-based DNA probe in the diagnosis and epidemiology of tuberculosis. IS986 was found only in species belonging to the M. tuberculosis complex. 
Tuberculosis is a highly contagious disease that is mainly transmitted from person to person. Because of the long incubation time needed for definitive laboratory diagnosis of this disease, the tracing of individuals who might have been in contact with infected people is a major strategy for limiting the dissemination of Mycobacterium tuberculosis. The typing of strains from infected individuals could play an important role in tracking the sources of infection. Phage typing (4) can be used for differentiating several groups of M. tuberculosis strains but is of limited value in the epidemiology of tuberculosis because only a few different phage types can be recognized (7) . In addition, phage typing is a rather time-consuming and cumbersome technique which can be carried out by only a very specialized laboratory. Serotyping, on the other hand, cannot differentiate strains within the M. tuberculosis complex (10) . Therefore, there is a great need for an improved method to subtype M. tuberculosis strains by a simple and rapid method. Restriction fragment length polymorphism (RFLP) in genomic DNA is commonly exploited to detect genetic variability (9) . Several investigators have identified M. tuberculosis DNA elements which are present in multiple copies per genome and which show a polymorphic banding pattern among the few isolates that have been investigated (6, 15, 24) . One (20) . Although the transposition of these elements has not yet been described in M. tuberculosis, the sequence data indi- NY 10461. cate that the insertion element is a functional transposable element. The 1,358-kilobase-pair (kb) element is flanked by inverted repeats of 30 base pairs (bp), and it contains a large open reading frame which shares homology with the transposase of the enterobacterial IS3 family. In this study, we evaluated the usefulness of IS986 as a probe for RFLP analysis. For this purpose, we analyzed a large number of isolates of M. tuberculosis complex strains from both epidemiologically nonrelated and related sources.
MATERIALS AND METHODS
Bacterial strains, genomic DNA, and plasmids. The bacterial strains and plasmids used in this study and their origins are listed in Table 1 . Media, reagents, and enzymes were used as described previously (21) . Culturing of the mycobacterial strains and isolation of genomic DNA was performed as reported by Hermans et al. (12a) .
Labeling of DNA probes. The mycobacterial DNA fragments of pRP5000 were labeled with [a-32P]dCTP by using the multiprime DNA labeling kit (Amersham International plc, Amersham, United Kingdom) or with horseradish peroxidase by using the enhanced chemiluminescence gene detection system (Amersham International plc). The detection of horseradish peroxidase-labeled probes was carried out by the peroxidase-catalyzed oxidation of luminol and subsequent enhanced chemiluminescence. The emitted light was detected on X-ray film (16, 23) .
Southern blot hybridization. Digests of chromosomal DNAs were electrophoretically separated on 0.8% agarose gels containing ethidium bromide (500 ng/ml). After denaturation and transfer to Gene Screen Plus membranes (Dupont, NEN Research Products, Boston, Mass.) by vacuum blotting (14, 18) (Milliblot V-system; Millipore Corp., Bedford, Mass.), the DNA was hybridized with 32P-labeled probes, as described by Noordhoek et These oligonucleotides correspond to residues 504 to 523 and 910 to 929 on the opposite strands of the M. bovis BCG gene, respectively.
Polymerase chain reaction. The polymerase chain reaction (PCR) (17) was performed with thermoresistent DNA polymerase from Thermus aquaticus (Taq polymerase; The Perkin-Elmer Corp., Norwalk, Conn.) as recommended by the manufacturer. One unit of Taq polymerase was added to 100 ,ul of 50 mM NaCl-2 mM MgC12-10 mM Tris hydrochloride-0.01% (wt/vol) gelatin-0.2 mM of each of the deoxynucleotides dGTP, dATP, dTTP, and dCTP (Boehringer GmbH, Mannheim, Federal Republic of Germany) (pH 9.6), Animal experiments. TRL guinea pigs (weight, about 250 g) were subcutaneously and intramuscularly inoculated in one leg with 0.5 ml of a M. tuberculosis suspension of 102 bacilli per 1 ml of phosphate-buffered saline. After 8 weeks, the animals were sacrificed, M. tuberculosis was isolated from the spleens, and the bacteria were further cultured in vitro.
RESULTS
Occurrence of IS986 among the various mycobacterial species. In order to investigate the occurrence of IS986 in mycobacteria, plasmid pRP5000 was used for the isolation of the insertion element. pRP5000 is a derivative of a lambda recombinant that was selected from a M. tuberculosis gene library as a result of its hybridization to the M. fortuitum plasmid pUS300 (24) . The physical map of the mycobacterial insert of pRP5000 is shown in Fig. 1 (Fig. 4) tuberculosis strains, 6 M. bovis BCG strains, and 1 M. bovis strain were tested by PCR; and all were shown to contain the 245-bp amplifiable fragment (data not shown). In contrast, no such fragment was found in M. avium, M. kansasii, M. fortuitum, M. scrofulaceum, M. smegmatis, or M. leprae. As a positive control for successful DNA amplification in vitro, the two oligonucleotide primers R and S, which are homologous to the conserved regions of the procaryotic 16S rRNA genes (5, 19) , were used to test the genomic DNA isolates. This resulted in the amplification of a 426-bp fragment from all mycobacterial species mentioned above (Fig. 5B) 15 clinical isolates of M. tuberculosis. These isolates were obtained from various regional hospitals and laboratories in The Netherlands. A total of 6 of the 15 strains were not known to originate from epidemiologically related cases of tuberculosis, and these strains showed different PvuII banding patterns when the 386-bp IS986 probe was used (data not shown). This is in marked contrast to the remaining nine isolates, which exhibited a mutually identical restriction fragment pattern (Fig. 7,  lanes 1 to 9) . These nine isolates originated from an outbreak of tuberculosis among individuals who were all treated by the same physician, who specialized in the treatment of patients with arthritis. The identities of the banding patterns from these isolates from a known outbreak indicate the potential value of IS986 as a probe for such studies. Further confirmation of the usefulness of this probe was provided by a study of 26 M. tuberculosis isolates which were obtained from a single regional health laboratory in January 1990; at that time, these isolates were not known to be related. Twenty-three different banding patterns were found among these isolates (Fig. 8) . The banding patterns of two strains (Fig. 8, lanes 1 and 14) were identical to those shown in Fig.  7 . Investigation of the patients' histories revealed that they could be traced to the same outbreak. An additional three strains (Fig. 8, lanes 15, 24, and 25 ) also showed character-FIG. 7 . RFLP analysis of nine strains from an M. tuberculosis outbreak (lanes 1 to 9) and two nonrelated strains (lanes 10 and 11). istic banding patterns which were not related to the patterns of the strains involved in the outbreak. Case histories of these patients revealed that they were suspected of being contacts of a common source of infection. The application of the probe in this case was therefore successful in revealing a previously unsuspected cluster of cases of tuberculosis.
DISCUSSION
As repetitive segments of DNA are found in virtually all procaryotic and eucaryotic organisms (8), it is not surprising that these elements have recently also been identified in mycobacteria. Clark-Curtiss and colleagues (2, 3, 12) found a 2.2-kb sequence that was present in at least 19 copies per M. leprae genome but that was not present in other mycobacterial species. Another species-specific repetitive DNA element in M. paratuberculosis was identified by Green et al. (11) . This repeated sequence has significant homology with ISJlO, an insertion element of Streptomyces coelicolor. Various strains of M. leprae and M. paratuberculosis have been analyzed for RFLP by using the repetitive DNA as a probe, and the nonvariability of the banding patterns indicated that these elements were inserted at a specific position in the Mycobacterium chromosome. In M. tuberculosis, repetitive DNA elements have been found that are inserted at a specific location in the genome (12a), whereas others were found to differ in genomic position from strain to strain (6, 15, 24) . In this study, we exploited the latter property of contains an open reading frame, which encodes a putative transposase, which is significantly homologous in its amino acid sequence to the transposases of the IS3 family of enterobacterial insertion elements (McAdam et al., submitted). A similar but not identical element was recently sequenced by Thierry et al. (20) .
In this study, we showed that IS986-like elements are present in 1 to 20 copies per genome and that these elements are specific for the species of the M. tuberculosis complex. We extend the preliminary observations of Zainuddin and Dale (24) that these elements differ in their chromosomal location from strain to strain. The patterns of the restriction fragments containing IS986 in all 32 independent isolates of M. tuberculosis strains were different. Such an extreme degree of polymorphism reinforces the idea that IS986 is a functional insertion element that can insert to new sites on the same replicon and that can initiate other types of genetic rearrangements such as cointegration of replicons, inversion, and deletion of sequences adjacent to the insertion sequence element (8 appeared that these strains originated from patients involved in the same outbreak mentioned above. Also, three strains with another characteristic RFLP pattern were recognized, and these strains were suspected of being contacts with individuals involved in a single tuberculosis outbreak. We are in the process of determining the RFLP types of all M. tuberculosis strains that are sent to our reference laboratory. By computer analysis of a library of previously established RFLP patterns, one might be able to trace sources of M. tuberculosis from the distant past.
An interesting observation was the nonpolymorphic pattern of IS986-containing restriction fragments of M. bovis BCG. This derivative was obtained in 1921 from a pathogenic Mycobacterium strain that lost its virulence gradually during passages in liquid medium (1) . Since then, many substrains of M. bovis BCG have been used to prepare vaccines around the world, and these substrains are heterogeneous in many of their characteristics. As all strains investigated in this study were Because IS986 is found only in M. tuberculosis complex strains, this element is a useful target for in vitro amplification by PCR for the rapid and specific detection of such bacteria in clinical specimens, without the need for culturing these slowly growing microorganisms.
